There has been considerable interest in the preparation of various types of C-and/or N-configurational isomers of polyaza macrocyclic complexes. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] In particular, 14-membered macrocyclic complexes having one or two 1,2-diaminocyclohexane subunit(s) theoretically occur as various Cconfigurational isomers because the diaminocyclohexane subunit exists as either cis-or trans-isomer. , containing two trans-1,2-diaminocyclohexane subunits have been also reported.
Furthermore, the chemical properties of [Ni(4s)] 2+ are different from those of [Ni(4a) ] 2+ , even though both of them contain cis-1,2-diaminocyclohexane subunits. 10 C-methylated complexes, [Ni(1t) ] 2+ and [Ni(2t) ] 2+ , containing two trans-1,2-diaminocyclohexane subunits have been also reported. [11] [12] [13] However, relatively few isomers of such compounds have been prepared, [7] [8] [9] [10] [11] [12] [13] and discussions of their chemical properties are not sufficient. [8] [9] [10] To gain further insight into the chemistry of such macrocyclic compounds, we prepared the nickel(II) complexes of 1c and 2c, having two cis-1,2-diaminocyclohexane subunits. It was found that the axial coordination of a solvent molecule, such as MeCN or DMF, is much easier to [Ni(2c) X-ray crystal structure determination. A yellow crystal suitable for X-ray crystallography was mounted on a CAD4 diffractometer. Intensity data, 4650, were collected and were corrected for Lorentz and polarization effects as well as for absorption corrections with ψ scans. The structure was determined by direct methods and refined by full-matrix least-squares on F 2 with reflections above 2σ level using SHLEXS-97 and SHLEXL-97.
14 All non-hydrogen atoms were refined anisotropically. All hydrogen atoms were calculated using riding models except H(1) and H(2) that were refined isotropically. The crystal and refinement data are listed in Table 1 , and the selected bond distances and angles are in Table 3 .
Results and Discussion
General characterization. Infrared, mass, and/or NMR spectral data of the compounds prepared in this work are listed in the Experimental Section with the elemental analyses.
1 H NMR spectra of [Ni(1c) ](PF 6 ) 2 and [Ni(2c)] (PF 6 ) 2 show only one singlet and doublet, respectively, for the two methyl groups. 13 C NMR spectra of the complexes show ten peaks, indicating that each complex prepared in the present work is one of the diastereoisomers with ten pairs of inequivalent carbon atoms. The IR spectrum of [Ni (1c) 2+ shows that the complex cation has a square-planar coordination geometry with an inversion center at the metal. The macrocyclic ligand contains two cis-1,2-diaminocyclohexane subunits. The five-membered chelate rings have a gauche conformation, and the six-member chelate rings have a chair one. The two -(CH 2 ) 4 -parts of the cyclohexane subunits are anti with respect to the macrocyclic plane. The stereochemistry of the four nitrogen atoms in the complex is a trans-III form, which is quite similar to that in [Ni(2t)](ClO 4 ) 2 .
11
As expected from the electronic spectra, the average Ni-N distance (1.944 (7) 2+ species in coordinating solvent (S). 7, [15] [16] [17] [18] [19] The percentages of the square-planar species, which were calculated by reported methods, [15] [16] [17] are listed in 2+ may be closely related to the longer Ni-N(2) (next to the methylated carbon atom) distance and/or the more distorted structure, which make the attack of the solvent molecule easier. The present result contrasts with the reported trend that the proportion of the square-planar species in DMF is much higher for the cis-isomer [Ni(3c) , compared with that of DMF or H 2 O, can be attributed to its rod like geometry and weak basicity toward interactions with the protons of the coordinated secondary amino groups. 17, 18 In the case of the unsaturated complex [Ni(1c) 2 , indicating that chemical properties of the saturated 14-membered tetraaza macrocyclic complexes also can be affected significantly by the number of the 1,2-diaminocyclohexane subunits.
